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PROJECT ABSTRACT 

During manned spaceflight, acute vestibular disturbances often occur, leading in physical 
duress and a loss of performance. Vestibular adaptation to the weightless environment follows 
within two to three days, yet the mechanisms responsible for the disturbance and subsequent 
adaptation are still unknown. In order to understand vestibular system function in space and normal 
earth conditions, the basic physiological mechanisms of vestibular information coding must be 
determined. Information processing regarding head movement and head position with respect to 
gravity takes place in the vestibular nuclei neurons that receive signals from the semicircular canals 
and otolith organs in the vestibular labyrinth. These neurons must synthesize the information into a 
coded output signal that provides for the head and eye movement reflexes, as well as the conscious 
perception of the body in three-dimensional space The current investigation will, for the first time, 
determine how the vestibular nuclei neurons quantitatively synthesize afferent information from the 
different linear and angular acceleration receptors in the vestibular labyrinths into an integrated 
output signal. During the second year of funding, progress on the current project has been focused 
on the anatomical orientation of semicircular canals and the spatial orientation of the innervating 
afferent responses. This information is necessary in order to understand how vestibular nuclei 
neurons process the incoming afferent spatial signals, particularly with the convergent otolith 
afferent signals that are also spatially distributed. Since information from the vestibular nuclei is 
presented to different brain regions associated with differing reflexive and sensory functions, it is 
important to understand the computational mechanisms used by vestibular neurons to produce the 
appropriate output signal. 



-1.(17 15:33 ©Gol 9S 4 5107 l : MC -SURGERY 


i?) mi ) 


PROJECT DESCRIPTION 


A. Scientific Objectives 

The primary objective of this project was to determine the nature of information processing 
used by the central nervous system to encode neural signals regarding head movements, eye 
movements, and position of the head with respect to gravity. It is known that a fast conducting 
neural pathway contained within the vestibular system is responsible for the control of head and eye 
movements. Information provided to the central vestibular system arises from peripheral receptors 
of the semicircular canals and otolith organs which is carried through the primary' afferent fibers. In 
order to determine precisely how the central neurons process afferent information from the different 
receptor endorgans into an appropriate neural output signal, the spatial properties of the afferent and 
their termination patterns within the central nervous system must be known. The data obtained by in 
the current project answered both of these questions. 

B. Accomplishments 

Vestibular afferent and nuclei neuron responses elicited by electrical stimulation: Before I 
could begin to study the synthesis of information from the different linear and angular acceleration 
receptors by the central vestibular neurons, it was necessary to determine if selective types of 
afferents could differentially be activated by their thresholds to electrical stimulation. It has been 
demonstrated that small electrical currents applied to the labyrinth can selectively either silence or 
excite afferent fibers that have irregular discharge rates, while afferenis with more regular firing 
patterns arc little effected (Goldberg et al., 1984) It is currently believed that these regular and 
irregular firing afferents converge upon vestibular nuclei neurons in unique patterns to control 
different types of muscle movements. For example, there is evidence to suggest in monkeys that 
regular afferents are more involved in the control of eye movements, while irregular afferents 
primarily are involved in the control of head and/or postural movements (Minor and Goldberg. 

1991). As an added tool in the current investigation of synthesis of converging inputs onto 
vestibular nuclei neurons, I used electrical stimulation of the labyrinth to examine the effectiveness 
of selectively stimulating the regular and irregular afferent fibers in pigeons 

Electrical stimulating electrodes were implanted into the perilymphatic space of the labyrinth, 
while extracellular electrophysiological recordings were made from the ipsilateral afferent fibers. 
Recordings were obtained from both semicircular canal and otolith organ afferent fibers. Both 
anodal and cathodal electrical DC currents were utilized, with current magnitudes ranging between - 
lOOpA to +l00pA. In addition, for many neurons, sinusoidal rotational (semicircular canal 
afferents) or off-vertical axis rotational (otolith afferents) stimulation was applied with and without 
simultaneous electrical stimulation, in order to determine if the responsiveness of the fiber changed 
during the electrical stimulation. These experiments are continuing, however, to date 93 afferents 
have been studied using electrical stimulation, with effects observed in both semicircular canal and 
otolith afferent fibers. Similar to the results reported in monkeys (Goldberg et al., 1984), pigeon 
afferent fibers can be selectively excited or inhibited based upon their discharge regularity. All 
afferent fibers were inhibited by cathodal (positive) currents and were excited by anodal (negative) 
currents, as shown in Figure I . Irregular firing afferent fibers had substantially lower thresholds to 
electrical currents applied to the labyrinth than did regular afferent fibers. In fact, irregular afferent 
fibers could be selectively silenced with low amplitude (5 - 25pA) anodal currents (Figure 1). 
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Figure 1. Response amplitude of vestibular afferents to different levels ol galvanic stimulation 
(ipsilateral ear). Zero amplitude corresponds to neural rectification (silencing) of the discharge rate. 
The afferents are divided into three classes of neurons, depending upon their coefficient of variation 
values, with regular, intermediate, and irregular tiring cells being grouped together. 


Regular firing afferents, however, could never be silenced even when administering large amplitude 
(lOOpA) currents. The afferent's response magnitude was correlated with the electrical stimulus 
magnitude, again with the irregular afferents having the greatest sensitivity to the galvanic 
polarizations, as shown in Figure 1. Further, for most fibers, the sensitivity of the afferent to 
electrical stimulation was linearly related to the discharge regularity. Irregular firing semicircular 
canal fibers could be ablated (silenced) with electrical stimulation, even during sinusoidal rotations 
at 20 deg/sec peak velocity. Irregular firing otolith afferent fibers could also be ablated during off 
vertical axis rotations of 30 deg/sec constant velocity. However, with both otolith and semicircular 
canal regular firing afferents, only the discharge rate was slightly changed and little or no effect was 
observed in the fibers sensitivity to rotation. 

Once the studies regarding the effects of galvanic stimulation upon afferent discharge rate 
were completed, I began to record responses from vestibular nuclei neurons during sinusoidal 
rotation and off-vertical axis rotation paradigms. During the rotation sequences, nuclei neuron 
responses were obtained before, during, and after simultaneous galvanic polarization of the 
ipsilateral labyrinth, as shown in Figure 2. The current amplitude for all cells was varied between 10 
to 100pA. If signals from irregular and regular firing afferents converge upon single vestibular 
nuclei neurons, then the effects of silencing the irregular input can be observed. Rotation stimulation 
was varied across frequencies between 0.02 and 5 Hz, with the amplitude remaining constant at 70 
deg/sec. Differences between the response dynamics for die before and during galvanic polarization 
conditions were noted for each cell. First, each recorded neuron was identified as to type of 
semicircular canal input by manipulating the aaimal with a series of manual yaw, pitch, and roll 
movements in the three major semicircular canal planes. Thus, each neuron could be classified as to 
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a Type I or II. with input from either the 
horizontal, left anterior - right posterior, or right 
anterior - left posterior eanuls. In addition, each 
neuron was identified as to whether it received 
monosynaptic or polysynaptic input from the 
ipsilateral labyrinth. As shown in Figure 3, the 
response dynamics for some neurons were 
affected by the elimination of the irregular 
afferent inputs, while other cells were not. In 
Figure 3, the response gain and phase values are 
plotted across stimulus frequency for three 
horizontal canal related vestibular nuclei 
neurons. The solid symbols and lines indicate 
the responses to sinusoidal rotational 
stimulation alone. Open symbols and dotted 
lines indicate responses to rotational and 
simultaneous galvanic polarization stimulation. 
For some neurons, galvanic polarization reduced 
the gain during rotational stimulation, 
particularly at the lower frequencies of 
stimulation. The phase of these affected cells 
sometimes changed and sometimes did not. 
Similar results have also been obtained for 
vertical canal related neurons. To date, only 1 1 
vestibular neurons with complete protocols have 
been obtained during rotational and 
simultaneous electrical stimulation. These 
studies are still on-going and will be completed 
in the new NASA grant NAGW-4507. 

However the results so far suggest that many 
vestibular nuclei neurons receive convergent 
inputs from irregular and regular firing 
afferents. Further, the convergence in differing 
dynamic information from the afferents appears 
to be important in determining the response- 
sensitivity of these cells to head movement 
stimulation. 
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Figure 2. Neural responses from a hon/onlai 
canal related vestibular nuclei nniinn m 0 I 11/ 
vertical axis rotation, hr fort*, during, and after a 
combined bilateral galvanic stimulation of both 
labyrinths Top three histograms* responses for 
different levels of galvanic current amplitude. 
Bottom trace rotation velocity (peak velocity of 
20 deg/sec). Park bar ; galvanic stimulation 
period. 
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Spatial orientation of semicircular 
canals and afferent fibers: Once I began to 
Study the effects of ablation of irregular afferent 
inputs upon vestibular nuclei neuron responses, 
it became clear that the convergence of irregular 
and regular afferent inputs may determine the 
spatial orientation of these cells. The spatial 
orientation of each neuron can be assessed by 
determining the maximum and minimum 
sensitivity responses to rotational stimulation 
about an earth vertical axis while differing the 
animal’s head orientation. The head orientation 
that produces the maximum gain of the neuron 
can be considered to correspond to the spatial 
orientation vector of the cell, where the vector 
direction represents the axis about which the 
head must be rotated. One of the principal goals 
of the present project was to determine these 
vectors for the different vestibular neurons, 
particularly during rotational and linear 
acceleration stimuli. However, before this goal 
could be accomplished, it was first necessary to 
measure the anatomical orientation of the 
semicircular canals relative to the head in 
pigeons. Next, the rotation vectors for the 
different canal afferents were also determined in 
order to make comparisons with the derived 
vectors for vestibular nuclei neurons. 

The anatomical planar orientations of the 
semicircular canals in five pigeons were 
measured bilaterally. The labyrinths of both 
ears were exposed and the bony surfaces the 
semicircular canals debrided of vessels and 
connective tissue. The heads were mounted in a 
stereotaxic device such that the horizontal 
semicircular canals were coplanar to the 
horizontal stereotaxic plane. Using a small 
needle attached to a micromanipulator, different 
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Figure 3 Response gain fltid phase values ot 
horizontal canal related vestibule nuclei neurons 
to rotation before and during bilateral galvanic 
stimulation. Solid l Inez con tied response values 
obtained before galvanic stimulation. Pushed 
lines : response values obtained dur in*’ galvanic 
stimulation (*25pA). m * monosynaptic input 
from ipsi lateral labyrinth; p * polysynapiic 
input; n * no response to orthodromic activation 
of ipsilateral labynnfh 


n^dle attached to a roicromanipuituor, umcicm 

points along the circumference of the exposed bony canal for each of the sem, circular canals we* 
measured to three d.mensions Between 17 and 65 points were obtained for each canal, with the 
niSfber of points being dependent upon the size of canal. The measured points were then entered 

plotting program on a microcomputer, where a planar equal, on could be * 
tluouoh the points for each canal using a least-squares algorithm, as shown >n figure 4 The best-fit 
planes for each canal bilaterally were then reconstructed in three-dimensional space anc ang es 
between the canal planes were calculated. 
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Figure 4. Anatomical measurements of leK semicircular canals. Circles, triangles, and diamonds 
represent coordinate values from the horizontal, anterior, and posterior canals, respective y. 
Calculated canal planes are plotted through each set of canal points with the best- fit parameter values 
££2S above L plot. All axes are in stereotaxic coord, nates, with pom, (0.0,0) corresponding ,o 

cor bar zero in the center ot the head. 


5 shown in Figure 5. .he results indicated .ha. the horizontal canals were approximately orthogonal 
Sllu and complementary veri.cal canals on opposite sides of.he head were neariy 
anlanar Still, significant deviations on the order of 5 to 20 degrees between complementary canal 
airs were noted. Similar results have been reported for cats (Blanks et nl.. 1 ?) ant toon cys 

Heisine et al., 1988). 
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Once the anatomical canal planes had 
been determined, spatial orientation vectors 
from semicircular canal afferent libers were 
obtained. The responses of afferent to 
sinusoidal rotational stimulation (0.5 Hz, 20 
deg/sec peak velocity) about an earth vertical 
axis were obtained with the animal's head placed 
in different orientations relative to the rotation 
axis. A minimum of five head orientations were 
used, identical to those stated above for nuclei 
neuron experiments. As long as tire afferent 
remained isolated during recording, other head 
orientations were also used. The gain and phase 
values observed during rotational stimulation 
were then plotted versus head orientation and lit 
with a cosine function. The orientation that 
produced the maximum response gain from each 
afferent was thus calculated and served to define 
die spatial orientation vector for the cell. 

Maximum sensitivity directions were 
obtained for 36 afferents. including fibers from 
each of the three semicircular canals. 

The rotation vectors for the afferent? were plotted in three-dimensional space, with reference 
coordinates expressed relative to the pigeon's head, as shown in Figure 6. A right-hand coordinate 
system was used, such that the positive X. Y, and Z directions corresponded to the animal s nose, left 
ear and vertex, respectively. Each spatial orientation vector represents one afferent, where the 
direction of the vector corresponds to the direction of the axis about which the animal must be 
rotated to produce the maximum response from the cell. Each vector is shown as a unity gain 
response (all vectors have equal magnitudes) for clarity. 



MP.gl It Ml . 
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Figure 5. Relative orientations of semicircular canal 
planes m stereotaxic space. Each canal plane is shown 
referenced to the stereotaxic origin, with a positive x. y, 
and z axes represented Acute angles berween canal 
planes are indicated by thin arrows and numerical values 



Figure 6. Spatial orientation vectors for semicircular canal afferent fibers X, Y. and 7. directions 
correspond to beak, left ear, and vertex, respectively All vectors are shown as unity gam. C'rcks. 
triangles, and squares represent horizontal, anterior and posterior canal afferent rotation vectors, 
respectively. Dotted lines indicate measured anatomical canal orientations 
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Figure 7. Horizontal canal afferent terminations in the brainstem. Representative sections from one 
pigeon are shown, with each section separated by 200 pm. Thin lines: HRP filled afferent fibers. 
Filled circles: termination zone of afferent s. CbL, lateral cerebellar nucleus. D, descending vestibular 
nucleus; dC, dorsal cochlear nucleus; 10, inferior olive; L. lateral vestihular nucleus, M, medical 
vestibular nucleus; S, superior vestibular nucleus; Sg, Scarpa's ganglion; SO, superior olive; vC, 
ventral cochlear nucleus; VIII, vestibulocochlear nerve; IX. glossopharyngeal nerve; X. vagus 
nucleus; Xn, vagus nerve, XII hypoglossal nucleus. 


The vectors were classified by their canal innervation with the horizontal, anterior, and 
posterior canal afferents being represented by the circles, triangles, and squares, respectively. In 
addition, the measured anatomical planes for each canal are indicated by the dotted line vectors. One 
should note the close correlation between the measured anatomical canal planes anil the calculated 
spatial orientation vectors for the innervating afferent fibers. It is also interesting that the spatial 
orientation vectors of the afferent* have some degree of variability, particularly when comparing 
vectors of similar canal innervation. Thus, not all of the horizontal canal afferent vectors arc 
oriented in a tight .spherical group, even though a cluster of directions is apparent. This study is now 

complete, with n manuscript published (Dickman, 1996a). 

Vestibular afferent projections to the brainstem : One ot the stated objectives in the initial 
project was to determine the location of the vestibular nuclei neurons within the vestibular complex, 
as well as their axonal targets, then correlate morphological characteristics of the neurons with their 
gravitational response properties. In my initial experiments regarding vestibular nuclei neuron 
responses, fast green dye spots were placed at the recording site location for histological verification. 
As I began to examine the locations of the recorded neurons, it became increasingly clear that we did 
not have an adequate description of the anatomical distribution ot the vestibular nuclei in pigeons, 
neither the cell types, borders, or relative locations of the afferent terminations with the brainstem. 
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Figure 8. Organization of vestibular afferent terminations in the vestibular nuclei and cerebellum 
Each vestibular end organ is represented by a different symbol. The density n termination or a 

h i«fa.«l ** OH he *» A. anterior caml . CM.. ■»»,. «Ml mOm. 

$LVN dmsal lateral vestibular nucleus: DVN. descendinj vestibular nucleus; IU.on7s.mal canal. I.. 
lagena; MVN. medial vestibular nucleus; ?. posterior canal; SVN. superior vestibular nucleus. U. 
utricle; vLVN, ventral lateral vestibular nucleus. 


Thus I initialized a neural tracing study using horseradish peroxidase (HRP), biocytin, and 
choleratoxin B conjugate HRP compounds in order to identify the afferent fiber terminal ion pa t 
SJSSrfd* vestibular nuclei « pigeons. The isolated branch of, he VII, ih nerve tha, 
innervated a specific receptor neuroepithelium in the vestibular labynnth was exposed, cut, an 
bathed in either tracer crystals or injected with tracer/saline (30%) solution. Separate animals were 
used for tracing the afferents innervating the anterior, posterior, and horizontal semtcircular canals, 
as well as the utricle, saccule, and lagena otolith organs. At least three birds were use or ea 
receptor organ, as well as two control birds where HRP crystals were placed within the 
endolymphatic membrane without transection of any nerve branch. The animals were allowed to 
survive for 48 to 96 hours following tracer implantation, then perfused with warm hepann/sal ne 
followed by cold aldehyde fixatives. The brains of each animal were stereotax .cal ly marked, then 
removed aid sectioned (50-100 pm) using a freezing m.crotome. 1 issue sections were reader using 
standard histochemical procedures for HRP and biocytin processing Camera luc.da drawings wen. 
made of the reacted tissue for each animal. As shown in Figure 6 tor one animal where the 
horizontal canal nerve was traced with HRP, afferent fibers coursed mto the .ps.lateral brainstem and 

differentially terminated in a number of brainstem regions. For each receptor organ, the inncrv i g 

afferent's cell bodies lie clustered within Scarpa's ganglion, with central projecting proces.se • 
remaining bundled together until distributing to different brain regions When viewing r 
afferent termination patterns from the ddierent canal and otolith receptor nun rant cs, an 
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overlapping but distinguishable pattern appears to emerge, as shown in Figure 7. The distribution of 
afferent terminations in the brainstem of pigeons is similar to that reported for other vertebrate 
species. Generally, the semicircular canal afferents terminated in the more rostral and medial 
portions of the vestibular nuclei complex, with fibers from all three canals terminating in the 
superior, medial, lateral, and descending vestibular nuclei. Very few afferents front the semicitculur 
canals projecting to the cerebellar nuclei were observed The otolith organs, conversely, largely 
terminated in the more caudal and lateral portions of the vestibular nuclei. Utricular afferents, but 
not fibers from the lagena, were noted to be much more numerous than canal afferent* in the 
cerebellar nuclei. Afferent terminations from both the semicircular canal and otolith organs were 
also observed in the reticular formation and preposilus hypoglossal nucleus. In addition to 
determining the afferent distribution, this study served to define the anatomical regions and borders 
of the vestibular nuclei in pigeons. The organization of the afferent input and the regional 
cytoarchitectitre of the vestibular nuclei is important to understand, in order to make inferences 
regarding the locations of vestibular neurons The information obtained in these initial experiment* 
has appeared in short paper form (Hickman. 1996b), and i$ currently being completed for a larger 
publication as a full paper. 
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^GAN AL AFFERENT FIBERS INPICEONS. J.D. Dickman, Dept*. 
. Surgery (Otolaryngology) and Anatomy, University of Mississippi 
. Medical Center, Jackson, MS. 

In order to determine how vestibular nuclei neuron* process 
5 convergent information from semicircular canal and otolith a fierce i 
libers regarding head movement*, the spatial orientation vectors of 
the afferent libers must be known. The present study examined the 
responses of semicircular canal afferent Gbers to sinusoidal 
oscillations (0 5 Hz. 20 dcg/sec) about an earth vertical an*, with the 
animal being oriented in a number of different head planes; including 
horizontal, nose up pitch, nose down pitch, left each down, and left 
anterior * right posterior nose down. The response gain and phase 
values obtained for each orientation were determined, with the 


maximum and minimum response vectors then being calculated for 
each Gbcr In addition, the major anatomical plane for each or the 
semicircular canals, bilaterally, were measured in two animals lor 
comparison. Although the response vectors are still being analyzed, 
preliminary evidence suggests that the horizontal and posterior 
semicircular canal affemnts provide responses that are spatially 
oriented dose to their respective membranous duel planers. However, 
Anterior canal afferent* appear lo be aligned 15 - 35 degrees away 
from the major anterior canal plane- (Supported by NASA grant 
/NAG2-7B6). v ' < - ' 
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BEHAVIORAL reactions of TERRESTRIAL VLRSUS 
.ARBOREAL LI2ARDSTO MICROGRaVTTY m Fepek and R. 
Wa**enug, Dalbousie Uoivcrsity. Halifax NS, R3H 4H7, Canada 
Vertebrate* exposed to abrupt dccrmvs m gfjvSry rer.iwmd in 
various ways. However, these responses appeal to correlate with the 
animals* natural history. As pan of 3a ongoing comparative 
investigation of vertebrate reaction* to microgravity (u.G), two liza<da, 
the terrestrial Crotaphviiis (^Garnheha) wislizenii *nd Ibe atborcal 
Anoli* carolfnensis. were videotaped aboard an aircraft in parabolic, 
flight. We hypothesized that the two lizards would react differently 
based on tbeir divergent ecologies. 

In /iG, the terrestrial lizard exhibited long axis rolling (previously 
seen in non-arboreal frogs and salamanders) tn conjunction wuh uil 
flipping. This behavior is similar to the common venebraie righting 
reflex performed when inverted in normal greviry. In contrast, the 
arboreal lizard did ool torque iu body in this manner Instead, it 
routed randomly while clawing the air ventral to it in a dear attempt 
to grasp the substrate After several parabolas, the Anolis succeeded 
to maintaining it* hold on the side of the container in /*G. Roth 
species responded as expected, with the protective behaviors used 
whets they lose their footing in IG, 

This is the first report on the behavior of lizard* its micrograviry 
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CHANGES IN C-FOS STAINING WITHIN THE RAT 
SUP RACHIaSMaTICNUCLEGS F0LLO WIN G 2G exposure. 
CA. Fuller, D.M- Murakami, T-M. Hobao-Higgin*, and I-H. Tang. 
Section . of Neurbbiology, Physiology and Behavior, University of 
* California, Davis, California 95d|d USA 
x This study cammed the change in rat body temperature and 
aettviry circadian rhythms caused by exposure to a hyperdynamic field. 
In addition, the gene activation marker, e-Fos, was used to reveal 
potential protein synthesis changes In the suprachiasmatic nucleus 
(SCN). Biotelecaetiy units were vised to record body temperature 
and activity. Rats exposed to 2G exhibited a significant reduction la 
mean body’ temperature and activity, and a significantly depressed 
dradian amplitude. A second experiment cammed changes in 
protdn synthesis in a group of ras exposed to one hour of 2G, a 
centrifuged 1G control group, and a noneoiirifuged IG control 
group. AU rats were sacrificed and stained for c-Fos. Hypothalamic 
sections revealed significant . c-Fa» staining differences berwcea 
ti-.y control and experimental rats in the SCN. The IG control group of 
• 4 . ’ rats also ethibited a targe number of intensely reactive neurons within 
the SCN. However, the SCN of the 2G experimental rats exhibited 
' , a significiot reduction In c-FOS reactive neuron*, with only a few 
lightly reactive neurons. These results suggest that 2G exposure ha* 
a direct effect on immediate early gene expression within the SCN 
neuron*. These changes in protein aymhesii function within the SCN 
may be responsible for the reduced circadian amplitude of body 
temperature and activity. 
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RENAL CALBINDlN^bm IN RATS EXPOSED TO 
MICROGRAVTTY. W. Berry, Department of Phy*»ology ^i«t 
Pharmacology, Utuverary of Georgia. Athcn*. Ga 70602 

Ca)bmdm-D2£IC is a 2S ttfodallon odcium binding protein found 
in avian intestine and in aviaq and mammalian brain, cnrlicliiim. 
kjdncy, bone, vestibular hair cell*, retina and other tissues. This 
protein is thought to facilitate calcium nanspor tn intestine, kidney 
and bo nr, and apparently acts a* a protective calcium buffer in cells 
of other tissues. 

Calcium flux, vitamin D and other hormones, tissue: mxptor IrveK, 
and cell turn ever rate* interact to determine caJbtndin level*. 
Therefore, tnicrograviry induced alterations in calcium and calcium 
homeostatic hormone* may cause changes In tissue calbindin level* 
during space flight. 

To examine the possibility that spaoc flight could affect calbtndin- 
D28fc levels, kidney tissue was obtained from rat* flown for 7 day* on 
STS *54 (PARE 2 experiment rat*) and from control rats maintained 
on the ground under similar conditions. These tissues arc being 
analyzed for cnlblndta-D23 content and L.25 dih^druicyviumta D 
receptor content including relative Occupation of receptors by 
endogenous dthydroxyvitamin D. 

Specimens for this study were provided by the NASA life Science* 
Division Secondary Payload* Program. 
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As m initial Map in ddennming the functional organization of the vcstibuUr nuclei 
in pigeon*, pouible regiooel differences in affezeot input to the nuclear oomptm 
were discerned using neural tracing technique*. For each animal, only one 
vestibular receptor «g»n m the left labynnth wa, furgicslly e*pov<w.th random 
selection of either . .emidrcular canal (SC) ampulla or oroUth (OT> -t-cula. For 
rome animals, several cuts into the receptor ocuroepiibalium were made, followed 
by application of horseradish peroxidase (HRP) crystals and/or cholera-tosm 
conjugate horseradish peroxidase (CT-HRT) to the receptor area. F™ ether ttumalr 
the vm nerve branch supplying the specific receptor organ was e.posed. cut. and 
HR? and/or CT-HRP was applied to d.c scvcied nerve stump. Following either a 24 
or 48 boor curvivft) time, the Animal was euthanized wid perfu^d w »*h aldehyde 
fix 4 liv C 5 . Frown JO \im icctioo* were cut aod reacted win* « modified 
raolybdAto-tetrwncthyl benzidine procedure 

to date, afferent projection* from iho SCa have been traced in six initials (two 
wffeooj for each canal) and from the u trick in ooe animal For each r cocker or* in, 
the affemnu* ceU bodie* lie chartered in Scarpa’s ganglion, with central projecting 
processes remaining bundled together, even following bifurcation, until reaching 0* 
■ynaptic target Generally, anterior SC afferent project heavily to the supenor 
(SVN) and lateral (LVN) vestibular nuclei, with some projection to the medial 
vestibular nucleus (MVN) and cerebellum- Horizontal SC affcrenls piojeca heavily 
to the MVN and LVN, with some projection lo the SVN. the cerebellum, the 
rchaiUr fonnatioa, and the descending vestibular nucleus (DVN). Portenoc SC 
Accents project besvily to the LVN. SVN. modetsidy to the DVN. uidl.ghily m 
the cerebellum. Otolith afferent projections ire still being invesugatuL The results 
Indicate that regional differences in the distribution of the afferent inputs 10 the 
vestibular nuclei do exist. jimiUr to those reported for most other a pedes 
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w ... m.v im.Ai.ui vc^uauivtf iiuocui. Lv»ui 1 1 :g itnasoidai rotation, the phase of 

FRNs leads that of medial vestibular nucleus neurons no* receiving floccular inhihmon 
(nonFRNs). If the FRN phase lead is produced by signals from the flocculus, then the P* 
cells should functionally lead the FRNs. In the present study we recorded from floccular 
VA P-cells in awake rabbits that were sinusoidally rotated about the V'A in the light and 
the dark at 0.05 - 0.8 Hz with different amplitudes. The phase of the simple spike (SS) 
modulation was calculated by determining the eye position sensitivity (k) and rye 
velocity sensitivity (r) using multivariate linear regression The phase of the SS 
modulation was compared to the phase of the FRN modulation The SS activity of nearly 
all VA P -cells increased with contralateral head rotation During rotation in the light, the 
SS modulation showed a phase lead in reference to conirulmeral head position that 
increased with increasing frequency (median 56.9* at 0.05 Hz, 78 O' at 0.8 Hi) The 55 
modulation led the FRN modulation significantly at all frequencies. The difference of 
medians was greatest (19 2*) 3t 0 05 Hz and progressively decreased wuh increasing 
frequency (all p’s < 0.005: Wilcoxon rank-sum test) During rotation in the dark, die 55 
modulation had a greater phase lead than in the light (median I 10. V at 0 05 Hz: '86 6' at 
0.8 Hz). The phase of the SS modulation in the dark led that of the FRNs significantly nr 
all frequencies (difference of medians varied from 24.2* at 0.05 Hz to 9.1' at 0.8 Hz. all 
p's < 0.005), The data arc consistent with the hypothesis that the phase leading 
characteristics of FRN modulation could come about by summation of VA P-crl! activity 
with that of cells whose phase would otherwise be identical to that uT nonFRNs. The 
floccular SS output appears to increase the phase lead of the net pre -oculomotor signal, 
which is in pan composed of the FRN and nonFRN signals. 
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Afferent Projections oflndividual Vestibular Or gans in Pigeons . J. David Dtckman and 
Qian Fang. University of Mississippi Medical Center* Jackson. MS, 

A central issue in determining the functional organization of the vestibular system in 
birds is to understand the anatomical substrate serving various types of movement. 
Differences in afferent input to the vestibular nuclei and other regions of the brainstem 
and cerebellum were delineated using neural tracer techniques for each vestibular end 
organ in pigeons. For each animal* a single branch of the vestibulocochlear nerve that 
innervated a specific receptor ncuroepithclium was surgically isolated* cut, then traced by 
application of a horseradish pcroxidase/cholera-toxin conjugate mixture (HRP) or 
biocytin (BT) crystals Following a 24 - 48 hour survival, the animals were euthanized 
and perfused with aldehyde fixatives. Sections were cut in cither the transverse or 
parasagittal planes, reacted using cither a modified molybdatc-tciramelhyl benzidine or 
diamino benzidine procedure, and coumersiained with neutral red. 

Reliable data was obtained from 21 animals. Generally* vertical canal afferent* 
projected heavily to medial regions of the superior (SVN) and descending (DVN) 
vestibular nuclei, and the A group, with lesser projections to the medial (MVN) and 
lateral (LVN) vestibular nuclei. Horizontal canal afferents projected primarily to the 
central regions of the SVN, LVN, and DVN, with many fibers terminating medially m ihr 
MVN. Utricular and saccular afferents generally terminated in the lateral regions of nil 
vestibular nuclei and the B group. In addition, utricular and saccular afferents had 
separate projections that terminally overlapped with the horizontal and vertical canal 
terminal zones, respectively. All vestibular organs projected to the para flocculus, deep 
nuclei, nodulus and uvula. Lagenar afferents projected to both cochlear and vestibular 
nuclei. Supported by funds from NIH/NIDCD grant #DC0IQ92, NASA grant tfNAG2- 
786, and the Whitaker Foundation. 
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the erpecrs Of GAdA-A ANO GaAa-S AGONISTS and antagonists 
MIC flOlNJCCTED UNILATERAU.V INTO TIC v£STietjUA COMPLEX OP 
NORMAL RATS. J-D Porty F-y Oopl . UnN o» Fb. GgHn©tvf>«. FL 3281 1 
7 N, fwnfocransmiiron tnvglvgd in normal u**ifcukH function have no* been 
(^icrTbeO. U ha* bwn hypothwSUud that th# Inhibitory »mlno ftC»d, 
_ trtvfVl ^«rrihtobotync acid (GADAJ. function* as a plausible rwutooaofcHWv* 
!Tvo 4 ilbJ*f patnw*ys. Thts experiment examined the tola qi in# Gab a a 
naonW. mincimd. me GA0A-8 agonist, balden . the GA0A A adagonlst 
h^iculllna and ihf GAB A. 6 antagonist S-WnlnQval*ric acid on vatffbuLv 
|unCtK>n. A !<*«! d orvo hundred and INe mile long -Evan* r» U **ra 
TM subjects were unfleteraSy cannutated »xJ tesuw one w«h» tatdr wan 
^fytnfl dosaOW o* ffw GABa agonists and antacjonlaia The drugs w«ro 
^drnWcwrod cenlroJIy In A oniat.»f.-U n?5il mlomlnfecllon diroctly Inq 1h# 

V 0 v«i;u Lar nudOOf comptca Following l ho drug ln|ocllon th« aobfbCtS »>a« 

(ynfliadisiely placed into a Itmliny appoiatue i*el aBuwwJ for complete dorsal 
pnd vonrroJ viawtng ol I he animal. 1 he subjects w* videotaped lor a period 
ot 2 houra The iaoes were analyzed and normal locomotor and oxptomiory 
L^hn^orj along svtth postural and locomotor disturbances ware moacurod 
and pieced WO ****** Canada*: rearing, h*a» actMy h*ed Iflt, HmO 
placemen*. postural asymmoiry. and barrel rAatton. The r«uia inchoate rnal 
CARA plays an Important cqIc In the malnienence o* posture by regulating 
activity In the vestibule^ nuchrs< comp*** Th* Aara-A agonist, musdnsot. 
and GA0A-Q agoniw. bedoJen, produced e lack of rearing, sedation, an 
IpsBateraf pawutai synoreme. and ipallete/rf barrel rotation. The GABa-a 
antagonist. bJci»cu*Ine. produced a kick roaring, sedation, a conUBlaiaral 
poctuol eyrxJromn. and ronlralarcrat hand rotation Thn GAfiA-0 antnganta. 
5 -amlncvalOric acid did not produce any martng. octhrity or postural 
abnormalities 
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CHANCES in RESK>rlSCS OT CAhAL RT LA TTD VTSTlyuLAR ST.lTtfiNS 
VIa GALVANIC aELaTION OT mAf.GULAfl AfTT R!»NT ♦hbuO IN 
PIGEONS ID. D>ck Tn3a*^ndX>.E. Amdahl *IXpu Wcrry <OoIirvn#»logvj 
and ArufOmy. Un/v Masuippi Mad C/m. lark mn MS 19} 16 ud 
Ncu/otofy. Univ Zunth. 01-1091. Zurab. SwmjmUM 
I* «i 4 » to Jouhuk the OMVibuUon of TiMcirnihr ami *rt>remj wt'P* 4ilT««w 
dynamics t» in retpoiue* of w«Jh 4 ir nuclei Mutcm biUirnl jilvjiw 
poUrimtioa of the Ubyruuh* »w uUiucd (Gohftcrt a a) . I Nrumphyuol 1 
31, I2J6-I236). Firri, it wm <k»crnun«d tfwr non*Mi« anodal rujrcncj of 23uA (.10 
MAt) tkli'^rcd Ur Uit iumUkuo! Ub*MMlli w^rr wriTkaror to rllrncr thr mno 
irregularly Gnog liTcmnU. Nc*V C*vacclUtUr ungk -imil mcnrdjogi fmm vmtbulv 
tiucici (VKi ocuroru obutned u> dcocfcbrait pigcnu unng njoriard 
eWctnjphysioLjgical loctuuqucs. Sunuoidil roULKxV about an ranh^rmcn] un 

t^n ddivuiid in different hod pUna Jt ffevjwftdr* <auc>nc bown 0 ft J io ? Rt, 
with a ouputudr of JU dr g/ vac. both wtlh «od wtthOol galvraiuc polartoUon 
of Lbr bbynolbi. Gcocndly. Utc effect of bilsienl potancaumi upoo both v«rtin»l 
ud bonxonul cuuJ-relitrd VN fcspotue» u | ilngk fioqucncy fr g 0 I IT?) w*j to 
cither doCrCAlc Or produce oo choose ui the fain nod DC fu lOC i J4c of clu. cell 
often, fab) l«TC35« or chuecs In the rccpwKe phasr of tt* ncurotu *ot otrterved 
Mod WluhuoI canal related oetU hod similar dynamic at «U oncnudoiu tested 
lwurva mod vertical nml related VN ncormw tuuj di/Tcrem rerponw dynamic K 
diffCfOU hod oncnUtionC In coma of ihear verticol canal related odli | *rid» both 
mOiwayitapbC «jvd puIjnyrwiKK otUiodronuc btencfo), bilateral falvsnic 
poUrUilion produced different effocu ui thr response* depending upon cumului 
fmquewy wd bead cnenucon Thui ImpuLw scnuotrula/ canal lriVremt *p^r 
to contribute to both the remponJ and CpaiioJ raepons* propmies nf many VN 
ocuurtHU. (Supported by KTI l-KTNCD gram *DC0 109? and by the Whitakct 
FduJVUliool 
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ACTIVITY OF SINGLE NEURONS IN NUCLEUS RETICULARIS 
CIGANTUCeaUtAfuSOF HAtJwT ^vOKSl Bt VtSTiBULAR OTOLITHIC 
STIMULATION. IdfoUcK Oaot- of CoU Bio»ogv. 

Or*con Haoith Sc I*nca» vbtlvo/oiry. ft.S Oow N*urc>)ogicat 
PonJpnd. OR 97208. 

GABA«rg*C pathway* originating from (h* modlai ao<J <J«iCand>r>o 
vastihutjr nodal « woi M tha AuelOin p/»polltu* hypaoiotli corway and 
vastlbulai Information to various divisions «rl tha infnrlor o^v*. At «hea« 
pathways dA&Cflfld, thfty branch 10 innanrJK* Cftiu in ihn raticufar 
fortnaxion. In tha prajant axpar^nenl wa aacordod «xtrac«huiarly from 
fifty ndurftriS in AudauS r®ti<ul*rii fl»0*Atoe*IKjU<i* INRCc) of chloralosi- 
uruthona-anasthatUod rabttUi- TM location and v*nibo»ar ancodino 

properties of thirty-orw of these neurons w»» charactariiad ct^p'^toN 
Rabbits wor* crfacod in a thfM axis r att tabu that permitted italic and 
limn racial vestibular stimulation, as w*ll at thui d«t»rmtnation of a 
vtMtftulir null point. All Aeurcns leacept «nfll were driven by tube tilt 
or sinusoidal rotoUon about the longltudln^ axis. Tw«nry>on« neurons 
rad a static position sensitivity. Seventeen neurons responded in phase 
with contralateral* down heed position. Four neurone were driven by both 
Venice* end horizontal vestibular stimulation Only one of lh«e neuron* 
nsepandoef avctuaJvOly to hpritontal veatlb«ler Itimuletion. Two typei of 
retponsee were observed: 1J Eighteen neurons had discontinuous phase 
changes of \ 00 dep with reepecr to the einuioidaf lorcing function when 
the heed angle was varied about the vertical axis. These nun points did 

flflj correspond 10 the orientation Of p«'r* O f iernv;ircula/ canals. 21 Eight 
neurons had continuous phase shifts as hood angle was changed about 
the vertical axis. Neurons with vestibular sensitivity were distributed In 
the medial aspect of the nhGc, The outputs of these neurons likely 
contribute TO PdMural mechanisms about #mj longitudinal bedv ads. 
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ACTIVITY OF SECOND. ORDER TYhfc I mCOIaL vtSTIPVLA" 
NUCLEI NliUKGNS IN HEAD MX>,0 GUINEA PIC DURING 

alertness ANO REM SLEEP M. C„dc Waclc. M. 

Miiilielhikx ‘rtJ P P Vtdal LPP*. CMILS-Coll^gc de France, Panv. 
Fnncc and CMU. Dept dc Phyiinlngif . Cen^vc, *>uir*ic 

As reponed in other species, type I second order medial 
vestibular nuclei neurons (MVNn) display a more or less regular 
discharge ar reil In re*;pons* lo hunzontal sinusoidal angular 
accelerations. Ut« MVNn oahibti a periodic tmvluljtron in Hnng rain 
whose rtuDunium is spproaimaicty ut phase w»ih ^v ak anKul.ir ** l« ■’•»y 
Some MVNn pause dunng last phases oncnicd towards i/v ipsilairnt 
side of rolatioo. Fewer neurons display a bursi of activity during 
coniraUteraJ fail phases In addition, ahoul 70*1- of the recorded 
neurons, cxhibii a icosmvuy to ihc hnrrznnuil cftmpnnrm of‘ ryr 
position These characirnsucs suppnn thr suggrsiJon that the MVNn 
intriasic membfiAf properties could be the basis of their segregation 
into Ionic inri phasic nrumm In particular, |h< fact ihjl. ifl vjvg, some 
MVNn burst during the conlraJalcnU la;l phase* fils well w-uh the in 
rilro demunvLraiion of j low dueshold calcium spike in a subset of die 
MVNn 

During REM sleep, we have described large amplifier (up io 
50") 10 Hz eye oscillations, To clucidalc whethor ih« MVNn mcnshrjne 
oscillilioas that had been able to induce iff viugeouM l>r rrhv,u\i m 
vivo for the genesis of these eyes oscillations, *c have recorded MVNn 
during REM sleep. Our results do not favour that view since ihe MVNn 
siil! code head velocity during R.FM sleep when the guinea pig is 
submitted to horizontal sinusoidal angular areekraiion* In addition 
some neurons pause dunng die large ip&ilsieraJ eye movements 
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OTOUTO-RELAT6D VESTIBULAR NUCLEAR NEURONAL 
PROPERTIES IN YOUNO AND At)ULT RaTS. C.H Idii. 
YJ. Chnn and Y M Ch eung*. Department of Physiology, Faculty of 
Medicine, TTie University of Hong Kong. Sassoon Road. Hong Kong. 

To investigate the postnatal development of otolith function, the 
functional properties of vestibular nuclear neurone during otolith 
stimulation were studied In adult mis and in young rats ranging in age 
from 1 4 tg 21 days. All animals were decerebrated under haknhane 
anesthesia. Extracellular activities were recorded from vestibular 
hucleor neurons which were histologically iden rifled after the 
experiments. The responds of central vestibular units were studied 
during constant velocity off* vertical axl* rotation (at 10® head tilt), a 
stimulus which selectively stimulates the otoliths. In both young and 
•dult BatmjilB, units were found to exhibit position dependent discharge 
modulation during bidirectional rotations. The best response 
orientations gf the units were distributed fairly oedy over the plane of 
^tion. thus providing within the vejtibufar nucletu a coordinate 
h^une of head positions with respect to gravity, The tnean rpcnuaeoui 
“ctivity of the responsive neurons was lower in young raw than In aduli 
rar s. Also in young animals, these units showed a lower respoav: gain 
■rtd many units had their firing rate clipped or silenced during a 
Ponion of the rotation cycle. These results suggest that central 
vestibular neurons have achieved the capacity to process otolith 
Information during the postnatal period studied. 

(Supported by a grant from the Research Grams Council.) 
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MOKTHOLOCY AND VLTKASTRDCTURE OF CENTRAL AXONS 
FROM THE POSTERIOR SEMI CIRCULAR CANAL OF A TURTLE 

Nmroblology Program, Ohio U, Alhena, OH 4$70l«297* 

Ai part of an effort fo understand Information channel* In thr v«iibuljT 
nerve we are examining ihc branching pjitcrru and i ynaptu* roniartv tnjclr 
by the renin I axons of vestibular primary afferent!. We labeled avon*. hy 
extracellular Lnjev b uru of HRP Into the po^leriur am poll ary nervr (PAN), 
reconstructed individual axon), and quantified (bale Jimmriom and 
branching patterns using a Eutretk morphometry tyilem. In same cases 
w« partially r*<OAatruc<«d svluctad branch^ from ultra trim tociloru . 

All PAN *uxu acbonie throughout ihe vestibular nuclear complea, tx,t 
they differ in branch tttucnire and dimensions. Some emit arbors in the 
lateral nudem. Here, pretrrminal proemm and vancodtles are aprriaJly 
robust and almoti entirely ftlltd with round vesicle* and mlli^cbnrvd H A 
T><y egntact samato-dendridc Juncdona. proximal dendHtc*. and 
branching region* of primary dendrite* via extensive apparition arras 
(>ttVm) that bear multiple active zones; a single arbor may form iirch 
contact* with more than one lateral nuefeu* nexiron. PAN .notvi al*o dlflrr 
In branching patterns caudal to the lateral nod cm Some ramiFy in rhr 
vldnity of the descending axon, often bearing drrumwribrd < lustrn of 
largr varicosities Other* emit lon&, finr-Caliber procesar* -nth fewer, 
smaller varicmitira that are wtdaiy spaced throughout the medtolaicrri 
extent of the vetdbuLir complax. Th«*a data sug^«*i that dlffarvnt PAN 
axunx, and p«irhapi different branches ol the umr aaon, may earn 
hrtrrOgtAfOUS syrvjpile effert* on vesdbitlar nurlrut neupnn* 

Supported In part by NIH ROI LXJ 00611 
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